Decoctions of the aerial parts of either Bupleurum rigidum or B. fruticescens are equally used in certain parts of Spain for the treatment of topical and musculoskeletal inflammations. In the present paper, their phytochemical profile and pharmacological value has been compared. After chromatographic and spectral analyses we could establish the presence of rutin and absence of chlorogenic acid in B. fruticescens, whilst the contrary applies to B. rigidum, providing a means to chemically differentiate extracts and dry materials from the two species. Their free radical scavenging and antiperoxidative activities were similar, with B. fruticescens being more active overall. The infusions of both Bupleurum species also showed similar anti-inflammatory activity when tested by NF-B assay (40% and 42% at 60 µg·mL -1 ), as well as in a hexosaminidase exocytosis assay (30% at 50 µg·mL -1 ). Antimigratory effects on rat melanoma B16F10 showed significant activity for both infusions, with B. rigidum twice as potent as B. fruticescens, the activity of the latter not being fully explained by its content of rutin. Taking all these results together, we can conclude that, in the selected experimental models, there exist an in vitro bioequivalence of the infusions from both species, which is in agreement with the majority of ethnopharmacological reports.
The aerial parts of Bupleurum species are used in Spain as a popular topical antiseptic and anti-inflammatory remedy ( Table 1) . Poultices made with bandages soaked in the decoction of aerial parts of either B. rigidum L. or B. fruticescens Loefl. ex L. are used for the treatment of topical and musculoskeletal inflammation. In general, people report that they are of similar therapeutic value, but there are some anecdotal reports pointing to B. rigidum as being more effective than B. fruticescens [1] .
Aspects of the phytochemistry and pharmacological activities of the two species have already been explored. However, no comparative studies of the pharmacological and biochemical activities of these species have been undertaken as yet in order to validate the ethnopharmacological reports on their "bioequivalence". This was the aim of this study in order to provide new data on the ethnopharmacology of these two Mediterranean Bupleurum species. It has been previously reported that extracts of B. fruticescens were able to inhibit inflammation in vivo [2a] and this activity may be explained partly by the dual inhibition of the cyclooxygenase-1 and 5-lipoxygenase enzymes [2b] . Some of the anti-inflammatory active compounds were identified as unusual lupine saponins and fruticesaponins [2a] , but components of the essential oil may also contribute [3a] .
As for B. rigidum, its anti-inflammatory and antiviral effects also seem to rely on the presence of saponins, mainly saikosaponins 0.88 ± 0.08 e (a) P < 0.001 with respect to control; (b) P < 0.001 with respect to B. fruticescens; (c) P < 0.001 with respect to rutin (d) P< 0.05 with respect to rutin; (e) P< 0.05 with respect to control. ANOVA followed by Tukey multiple comparisons test. [7] , but other metabolites such as iridoids and phenylpropanoids clearly contribute to the latter effect [8a] . The chemistry of the species is also rich in rare but minor sulfated saponins of unknown contribution to the extract's bioactivity [8b-8d].
We produced chemical fingerprints of the infusions of both Bupleurum species by TLC (see supplementary data). As a result, we could observe that powdered dry materials from both species can be easily differentiated, with B. rigidum having a higher content of chlorogenic acid (R f  0.24), and B fruticescens containing rutin (R f  0.19), which is absent from B. rigidum, but which contains instead another flavonoid/s of unknown identity (R f  0.39).
The HPLC-UV analyses confirmed the presence of chlorogenic acid (1) (R t = 7.59 min) in B. rigidum and its absence in B. fruticescens. Peak 2 (R t = 13.68 min) had the same R t and UV spectrum as rutin in two different elution conditions (supplementary data). To further confirm its identity, the compound producing the peak was collected. Its 1 H NMR spectrum showed signals consistent with the structure of rutin. B. rigidum contains a richer variety of phenolic compounds, dominated by a not yet identified compound of flavonoid nature (3) with the same UV spectra as quercetin and rutin (supplementary data).
The antioxidant profiles of both species are summarized in Table 2 . The free radical scavenging properties of the plant extracts in the DPPH assay correlated positively with the presence of phenols, as calculated by the Folin-Ciocalteau method. B. fruticescens seems to be more active overall, but the n-hexane extract of B. rigidum is interestingly very active in the lipid peroxidation assay.
The anti-inflammatory properties of the infusions were similar when evaluated in terms of the blockage of NF-B activation in IL6/Luc HeLa cells (40-42% at the maximum non-toxic concentration of 60 µg mL -1 ), and their inhibitory effect on the degranulation of rat basophil RBL-2H3 cells induced by ionomycin, and measured as the release of hexosaminidase (30% at the maximum non toxic concentration of 50 µg mL -1 ). In previous studies on other Bupleurum species, some phenylpropanoids were isolated with inhibitory activity in the same IL6/LucHeLa NF-B activation assay [9] . In future works we will investigate this in B. rigidum and B. fruticescens infusions. Finally, the antimigratory activity of the infusions and rutin, one of the main phenolic compounds of B. fruticescens, were evaluated in an in vitro bidimensional model ('scratch assay') using rat melanoma B16F10 cells (Table 3 and Figure 1) . The results show a significant inhibition of the migration of the melanoma cells in the presence of non-toxic concentrations of both infusions. B. rigidum is near 2-fold more potent than B. fruticescens and the activity of the latter cannot be explained solely by the presence of rutin. Thus, other compounds might act in synergy to achieve the full activity shown by the aqueous extract.
In summary, infusions of B. rigidum and B. fruticescens present a high content of phenols and display very similar IC 50 values in our antioxidant and anti-inflammatory tests, with B. fruticescens exhibiting an overall superiority. These results are in line with the perceived similar therapeutic value reported by local people in Spain. We also found that the infusions can be easily distinguished by their content of either rutin or chlorogenic acid, thus providing an easy pharmacognostical identification method. Moreover, the antimigratory activity in malignant melanocytes warrants future research. Extraction: Crude 'total' extracts: Both Bupleurum species were processed in the same way. 50.0 g of powdered plant materials was dipped in 200 mL of methanol overnight at room temperature. Then, the solvent was evaporated under vacuum and the residues collected. The procedure was repeated until the extracting solvent remained almost colorless and no further residue was obtained.
Residues were pooled and freeze dried. Both Bupleurum species were sequentially extracted with different solvents of increasing polarity following the sequence n-hexane  ethyl acetate  methanol. When extraction using the first solvent was completed, as monitored by TLC analyses, the plant material was dried and extraction continued with the next solvent. acid/water 65:15:20, followed by spraying with 1% diphenylboric acid 2-aminoethyl ester, then 5% polyethylene glycol, and examination under UV light (365 nm).
HPLC-UV analysis:
An Agilent 1100 series HPLC system (Agilent Technologies, UK) and Agilent ChemStation software were used for the chromatographic analysis. We first followed the method published by Zhang et al. [11a] for the separation of flavonoids in Bupleurum species. The separation was carried out on a Zorbax ® C18 column (150 × 4.6 mm id, 5 μm). NMR experiments: Peak 2 (0.57 mg) was dissolved in CD 3 OD. NMR spectra of samples were obtained on a Bruker AVANCE 400 MHz spectrometer equipped with a multinuclear probe head with z-gradient. Standard 1D 1 H NMR spectra (1024 scans) were recorded at 300 K.
Phenol content determination by the Folin-Ciocalteau method:
The method was modified from procedures of Waterman and Mole [12] . Readings were made using a Lucy1 plate reader.
Free radical scavenging assay:
This method evaluates the freeradical scavenging capacity of the extracts by measuring their ability to reduce the stable 2,2-diphenyl-1-picrylhydrazyl (DPPH) radical. The protocol was adapted from Burits and Bucar [13] . Briefly, DPPH· was dissolved in methanol, and the experiments were performed on freshly prepared solution. The assay conditions were as follows: 10 L of test compound/extract was added to 200 L of methanolic solution of DPPH· (final concentration 100 M) in microplates. After incubation at room temperature for 20 minutes the absorbance at 490 nm was evaluated with a UV-visible Lucy l plate reader (Anthos-Biochrome Ltd, Cambridge, UK) and the data collected and processed using Stingray 1.5 (Dazdaq Ltd, Brighton, UK).
Evaluation of the inhibition of non-enzymatic lipid peroxidation in bovine brain liposomes:
This assay was carried out following the procedures of Houghton et al. [14a] and Burits and Bucar [13] . Briefly, Fe 3+ and ascorbate were added to a solution of bovine brain extract microsomes (5 mg/mL) in 50 mM phosphate buffer solution.
Test compounds and extracts were prepared and added as described above. The reaction mixtures were incubated at 37°C; after 20 minutes, 1 mL of TCA 10% (p/v) and 1 mL of TBA 0.7% (w/v) were added, and then the solutions were kept at 90°C for 1 h to allow the formation of TBARS. Quantitative determination of TBARS was performed by colorimetry with a Lucy1plate reader (535 nm).
Cytotoxicity assay: The assay described by Mosmann [14b] was used as a criterion of cell cytotoxicity. Briefly, cells were aliquoted in 96-well plates and left to attach overnight. Cells were then incubated for 24 h with test compounds and extracts. Controls received vehicle and correspond to 100% viability. Cells were washed twice with warm PBS and further incubated with the yellow water soluble substrate 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide (MTT). The resulting dark blue formazan product formed due to mitochondrial activity after 2 h was dissolved in DMSO/propanol in an ultrasonic bath and measured using a Lucy1 plate reader at 490 nm.
NF-κB activation in IL-6/luciferase (IL-6/Luc) HeLa cells assay:
The assay was performed according to the protocol described by Bremner et al. [9] . IL-6/Luc HeLa cells are stably transfected with a luciferase reporter gene controlled by the IL-6 promoter. IL-6 is one of the target genes for activated NF-κB.
Briefly, the IL-6/Luc HeLa cells cultured in DMEM, supplemented with 10% FBS and antibiotics, were washed with PBS and passaged using trypsin/EDTA. The cells were then seeded in 12-well plates, each well containing 1 mL of media, and incubated for 18 -20 h. Following this incubation, test samples were added to the cell media. Samples were dissolved in DMSO. Cells were exposed to either the compounds or plant extracts for 1 h, at which point the stimulant was added (PMA, 50 ng/mL, final concentration). The cells were incubated (37°C) for a further 7 h. Then media was removed, cells washed with PBS and 100 μL of luciferase lysis reagent added to each well. 15 μL of lysate from each well was then added in duplicate to a 96-well plate in preparation for the automated reading of the luciferase reaction. This was accomplished in a Lucy1 plate reader using a luciferase reagent (Promega, UK).
Hexosaminidase exocytosis assay:
The protocol described by Wang et al. [15] was modified. RBL-2H3 cells were subcultured in phenol free DMEM supplemented with antibiotics and 10% FBS low in antibodies. The medium was removed and replaced by phenol free DMEM. Samples were dissolved in phenol free medium at 200 ug mL and 100 uL added to each well. After 1 h incubation they received 100 µL of calcium ionophore (2 µM in phenol free media) and were further incubated for 1 h. After incubation, 30 µL supernatant was transferred to 96 well plates and 100 µL p-NAG solution (26 mg p-NAG, 20 mL citrate buffer) was added and incubated for different time intervals (30', 60' and 180') . After incubation, 80 µL NaOH solution was added to the plates to terminate the reaction and absorption then was read at 405 nm in a Lucy1 plate reader.
Wound healing assay: Rat melanoma B16F10 cells were seeded (~ 5×10 5 cells per well) and grown to confluence in a 24-well tissue culture plate using Advance RPMI 1640 Medium containing 2,000 mg/L D-glucose, non-essential amino acids (NEAA) and 110 mg/L sodium pyruvate. The medium was supplemented with 10% heatinactivated fetal bovine serum-EU, 2 mM of L-glutamine and 1% (v/v) penicillin-streptomycin antibiotic (10,000 units/mL penicillin and 10,000 µg/mL streptomycin). After the monolayer had been formed, a scratch was created by firmly drawing a 1 mL pipette tip through the monolayer with the help of a ruler. Detached cells were removed by gently washing the well with PBS and the remaining monolayer was treated with the respective inhibitors in 500 μL of growth medium. Hydroxyurea (Sigma) at 0.3 mM in PBS was used as an antiproliferative reference agent in this assay (positive control). After 72 h. incubation, the cells were fixed with 100 μL cold 40% (w/v) trichloroacetic acid solution (Sigma) (in deionised water). The plates were kept for 1 h at 4ºC and washed 5 times with water. A trypan blue solution (100 μL per well) was added and the plates were left at room temperature for 1 h. Subsequently, the plates were rinsed with distilled water and then left to air-dry overnight. Measurement of the wound was performed on digital images obtained by optical scanning (transmittance mode) of the fixed cells once the plates were totally dry in a Snapscan e50 (Agfa-Gevaert, Germany). Areas were measured using the ImageJ 1.43 free software (National Institutes of Health, USA).
Statistics:
The inhibitory concentration 50% (IC 50 ) was calculated from the concentration/effect regression; an appropriate range of 4-5 concentrations was used.
